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Reovirus s3 is a virion outer shell protein that also binds dsRNA and stimulates translation by blocking activation of the
dsRNA-dependent protein kinase, PKR. Purified s3 was shown by gel shift assay to bind specifically to RNA duplexes of
minimal length 32–45 base pairs. PKR binding to dsRNA was prevented by s3, and translation inhibition of luciferase reporter
by PKR expression in transfected cells was reversed by s3. Association of s3 with its outer capsid partner m1/m1C eliminated
dsRNA binding and prevented restoration of protein synthesis. Analyses of s3 mutants demonstrated a direct correlation
between dsRNA binding and reversal of the down-regulation of translation by PKR. In infected cells, s3 was stable but dsRNA
binding decreased, presumably due to m1/m1C complex formation. The results suggest a functional transition from early
inhibition of PKR activation by s3 to its association with m1/m1C in capsid structures. q 1997 Academic Press
INTRODUCTION which recognizes the base-paired transactivation region
(TAR) of human immunodeficiency virus RNA, is also a
Activation of the interferon-induced dsRNA-dependent
PKR inhibitor (Park et al., 1994). Recently, it was shown
protein kinase (PKR) results in shutoff of protein synthe-
that TRBP can antagonize PKR function by dsRNA-depen-
sis and potentially limits the spread of infection in virus- dent heterodimer formation (Cosentino et al., 1995), rai-
infected cells (Mathews, 1996). However, many viruses sing the intriguing possibility of PKR heterodimerization
have evolved effective ways to antagonize PKR, either with other dsRNA-binding proteins as an alternative
directly or indirectly, and thus to escape this host antiviral translational control mechanism.
defense system. For example, reovirus major outer shell As one of the main structural proteins of intact reovirus,
polypeptide s3 is also a dsRNA-binding protein (Huis-
s3 exists primarily in 1:1 complexes with another outer
mans and Joklik, 1976), and like vaccinia virus E3L pro- shell component, m1C, or its uncleaved precursor poly-
tein (Chang et al., 1992) and adenovirus VAI RNA (Ma- peptide, m1 (Jayasuriya et al., 1988; Lee et al., 1981).
thews and Shenk, 1991), it can block PKR activation (Im- Association of s3 with m1/m1C, a process essential for
ani and Jacobs, 1988; Lloyd and Shatkin, 1992). virus assembly, apparently is accompanied by a confor-
Consistent with this shared ability to inhibit PKR, s3 ex- mational change(s) that alters the dsRNA-binding activity
pressed transiently from the transfected cDNA of the and protease sensitivity of s3 (Shepard et al., 1995). Con-
reovirus S4 gene restored viral protein synthesis in cells sistent with complex formation and diminished dsRNA
infected with mutant E3L0 vaccinia virus (Beattie et al., binding in cells, m1/m1C coexpression prevented the
1995) or dl331 VAI RNA0 adenovirus (Lloyd and Shatkin, stimulatory effect of s3 on reporter mRNA translation
1992). Reporter gene activity was also stimulated at the (Tillotson and Shatkin, 1992). In addition, coexpression
level of translation by s3 coexpression (Giantini and of m1/m1C changed the subcellular distribution of s3 and
Shatkin, 1989). resulted in cytoplasmic colocalization of the proteins in
The 365-amino-acid s3 protein contains two important transfected cells (Yue and Shatkin, 1996).
and separable motifs (Schiff et al., 1988): a Zn finger at In the present report, we used gel shift assays and
residues 51 to 71 and, in the C-terminal half, a dsRNA- purified recombinant proteins to show that m1 proteins
binding domain (dsRBD) with predicted secondary struc- block the dsRNA-specific binding of s3. In the absence
ture similar to that of other cellular and viral dsRBDs of m1, s3 competed with PKR for dsRNA binding and
(Miller and Samuel, 1992; Yue and Shatkin, 1996). Site- prevented activation of the kinase. Analysis of s3 dsRBD
directed mutagenesis studies of the dsRBD in s3 impli- mutants demonstrated a direct correlation between
cated several basic residues in dsRNA binding, and it dsRNA binding and inhibition of PKR activation. In reovi-
was suggested that s3 prevents PKR activation by com- rus-infected cells, dsRNA-binding activity diminished as
peting for dsRNA (Denzler and Jacobs, 1994). A cellular the infection proceeded, suggesting a role for s3 in trans-
dsRNA-binding protein, TAR RNA-binding protein (TRBP), lational control via PKR inhibition at early times, followed
later by assembly of s3:m1/m1C structural complexes that
form the outer shell of mature virus.1 To whom reprint requests should be addressed.
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MATERIALS AND METHODS used for immunoprecipitation with s3-specific antiserum
as described (Yue and Shatkin, 1996). For immunoblot
Plasmids analysis, His6-tagged purified m1 proteins were resolved
by SDS–10% PAGE, immunoblotted with anti-m1 mono-Recombinant baculovirus DNA containing the type 3
clonal antibody 10H2 (provided by Dr. K. Tyler; Virgin etreovirus S4 gene was generated using the p2Bac ex-
al., 1991), and assayed by the enhanced chemilumines-pression vector (Invitrogen). S4 cDNA was cloned into
cence procedure (Amersham).the 5* BamHI and 3* BglII sites with the s3 start codon
located six nucleotides from the polyhedrin late pro-
Protein purificationmoter cap site.
pTrcHis(A) (Invitrogen) was used to construct a bacte- p2BacS4 DNA was used to transfect Sf9 insect cells,
rial plasmid for expression of the reovirus type 3 M2 and the resulting plaques were screened for s3 expres-
gene, yielding polypeptide m1 containing six N-terminal sion by immunoblot analysis of cell supernatants with
His residues. The EcoRI site of pTrcHis was blunted by anti-s3 antiserum. Sf9 cultures (6 1 106 cells/75-cm2
Klenow treatment, and the 5* XhoI 3* EcoRV fragment of flask) were then infected at a m.o.i. of 1 with the S4
M2 cDNA excised from pBC12BI (Tillotson and Shatkin, recombinant baculovirus that was selected and amplified
1992) was then ligated into the 5* XhoI end and 3* Klenow into a stock preparation from a single s3-positive plaque.
blunt end of the vector. Cell extracts prepared at 4–6 days postinfection in 50
The following DNAs were used for transient transfec- mM Tris, pH 8, containing 0.12 M NaCl and 0.5% NP-40
tion of COS-1 cells: pCB6/, containing human wild-type were clarified by centrifugation for 10 min at 16,000 g,
PKR (provided by Drs. R. Patel and G. C. Sen; Patel et and the resulting supernatant was used to purify s3 as
al., 1996); pCB6/, containing luciferase cDNA inserted described previously (Patel and Sen, 1992). After incuba-
at 5* HindIII and 3* BamHI sites after excision from pGL2- tion with poly(I)rpoly(C) agarose beads (Pharmacia) in
basic (Promega); M2 cDNA in pBC12BI; and S4 wild-type the presence of 0.3 M NaCl, the beads were washed
and S4 Zn-finger mutant C51S–C54S subcloned from with 0.3 M NaCl three times, and the bound material was
pBC12BI (Giantini and Shatkin, 1989; Yue and Shatkin, eluted with 1 M NaCl and stored at 0707. For preparation
1996) into pcDNA3 (Invitrogen) at the 5* HindIII and 3* of His6-tagged m1, Escherichia coli DH5a (GIBCO) was
BamHI sites, respectively. pMTVa-containing S4 mutants transformed with pTrcHisM2, and m1 protein expression
R239I, K291T, K234T, K240T, and K291R (provided by Dr. was induced with 0.8 mM IPTG for 3 hr at 377. Batchwise
B. L. Jacobs; Jacobs and Denzler, 1994) were subcloned purification was performed according to the protocol pro-
into pBluescript II plasmids at PstI and EcoRI sites and vided by the supplier (GIBCO). Purified s3 and m1 pro-
then separately inserted into the BamHI and EcoRI sites teins were analyzed by SDS–PAGE.
of pcDNA3.
Preparation of dsRNA and gel mobility shift assays
Cells
Radiolabeled dsRNA probes were generated by an-
COS-1 and HeLa cells were maintained in Dulbecco’s nealing complementary transcripts from the polylinker
modified Eagle’s medium (DMEM) containing 10% fetal region of pGEM 1 (Promega). The sense strand was ob-
calf serum. tained using SP6 RNA polymerase to produce a 52-nt
RNA from EcoRI-linearized plasmid. The complementary
Reovirus infection
strand was transcribed by T7 RNA polymerase, and
RNAs of different lengths were obtained by cutting theHeLa cells were infected with serotype 3 reovirus at
template DNA with HindIII, PstI, or XbaI. Run-off productsa m.o.i. of 10, and the 60-mm cultures were radiolabeled
labeled with [a-32P]UTP (3000 Ci/mmol, Amersham) werefor 30 min in 5 ml of methionine-free medium containing
hybridized in 10 mM HEPES buffer, pH 7.6, containing100 mCi of [35S]methionine (1000 Ci/mmol, Amersham) at
50 mM NaCl for 2 min at 957, followed by slow cooling8 hr after infection. Cultures were then ‘‘chased’’ in serum-
to room temperature. RNase A digestion of annealedcontaining DMEM.
transcripts resulted in RNA duplexes with lengths of 45,
Transfection and luciferase activity assay 32, and 24 bp. Competitor polylinker region dsDNA was
obtained by digestion of pGEM1 with HindIII and EcoRI
COS-1 cells transiently transfected by the DEAE-dex-
followed by purification in a 12% nondenaturing poly-
tran method were collected 48 hr later and assayed for
acrylamide gel.
luciferase activity according to the protocol provided by
DsRNA binding was assayed in 20 ml incubation mix-
the supplier (Promega).
tures consisting of 40 mM Tris, pH 8.0, 50 mM KCl, 5%
glycerol, 2 mM DTT, and 50 mg/ml of E. coli tRNA (Ho andImmunoprecipitation and immunoblotting
Shuman, 1996). RNA probe (20,000 cpm) and purified
proteins were incubated for 20 min on ice before protein –Transfected COS-1 cells and infected HeLa cells were
radiolabeled with [35S]methionine, and extracts were RNA complexes were resolved on 6 or 8% nondenaturing
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polyacrylamide gels (80:1 acrylamide:bisacrylamide and Enhancement of reporter gene expression by s3
depends on dsRNA binding20 mM Tris–borate, 0.5 mM EDTA) by electrophoresis
for 2–3 hr at 150 V and 47. The gels were then dried and
Coexpression of s3 enhanced reporter mRNA transla-autoradiographed. For estimating dissociation constants
tion in transiently transfected COS-1 cells (Giantini and(Ho and Shuman, 1996; Riggs et al., 1970), gels were
Shatkin, 1989), and it was suggested that this stimulationscanned, the intensity of each band was measured using
was associated with s3 dsRNA binding, a property ex-the Molecular Dynamics ImageQuant system, and the
pected to prevent activation of PKR (Imani and Jacobs,fraction of radiolabeled free RNA (unbound fraction of
1988; Lloyd and Shatkin, 1992). To test the role of dsRNAthe total labeled RNA) was plotted against the molar
binding in reporter stimulation, wild-type or mutant s3concentration of the added proteins.
protein was coexpressed with a reporter plasmid, and
the resulting luciferase activity was determined. Wild-
Poly(I)rpoly(C)–Sepharose ‘‘pull down’’ type s3 and mutants K234T, K240T and K291R (Denzler
and Jacobs, 1994) were all capable of stimulating re-35S-labeled COS-1 or HeLa cell extracts containing
porter expression several fold relative to the emptywild-type or mutant s3 proteins were assayed for dsRNA
pcDNA3 parental vector (Fig. 2A). Mutants R239I, K291T,binding by incubation with poly(I)rpoly(C)–Sepharose
and C51S–C54S (Denzler and Jacobs, 1994; Yue andbeads as described (Denzler and Jacobs, 1994).
Shatkin, 1996) failed to increase luciferase activity (Fig.
2A). There was a direct correlation between dsRNA bind-
RESULTS ing and reporter stimulation. As shown in Fig. 2B, wild-
type s3 and mutants K234T, K240T, and K291R bound
Length-dependent, specific binding of s3 to dsRNA poly(I)rpoly(C) while the three nonstimulatory mutants
did not (Fig. 2B, top). The expression levels were similarTo facilitate studies of the dsRNA-binding properties
for wild type and all the s3 mutants as shown by [35S]-of s3, p2BacS4 was constructed, and s3 was overex-
methionine labeling and immunoprecipitation (Fig. 2B,pressed in infected sf9 insect cells. The recombinant s3
bottom).was isolated by poly(I)rpoly(C) affinity chromatography
and shown to comigrate with purified reovirus-derived PKR activation is prevented by dsRNA binding of s3
s3 by SDS – PAGE and Coomassie blue staining (Fig.
1A). To test for a length requirement, 32P-labeled duplex PKR overexpressed from a transfected plasmid has
been shown to down-regulate reporter gene expressionRNAs of 45, 32, and 24 bp were incubated with s3, and
complexes were analyzed by gel mobility shift assays. due to its ability to inhibit translation initiation (Patel et
al., 1996). To test directly the effect of s3 on PKR function,No RNA – protein complexes were obtained with 24-bp
duplexes, and binding was barely detectable with 32- wild-type or mutant s3 was coexpressed with PKR in the
presence of reporter luciferase. As described previouslybp dsRNA (Fig. 1B). However, most of the 45-bp probe
formed complexes, indicating that the minimal dsRNA (Patel et al., 1996), PKR expression resulted in a marked
reduction (fourfold) in luciferase activity (Fig. 3A). Wild-length for s3 binding under these in vitro conditions is
in the range of 32 – 45 bp. To test the affinity of s3 for type s3 and those mutants which bind dsRNA (K234T,
K240T, and K291R) reversed the inhibition by PKR, whiledsRNA, 45-bp duplexes were incubated with increasing
concentrations of the purified protein. Although single- the mutants defective for dsRNA binding did not (Fig. 3A).
TAR RNA-binding protein (TRBP), a cellular dsRNA-bind-stranded RNA synthesized with T7 polymerase (or the
Sp6 enzyme, not shown) did not form complexes with ing protein, is also an effective inhibitor of PKR (Park et al.,
1994). Both the PKR K296R point mutant and the truncateds3 (Fig. 1C, lanes 1 and 2), a smear of dsRNA – protein
complexes shifted relative to the position of the labeled PKR p20 protein, which contains the dsRBD (Schmedt et
al., 1995), can form complexes with TRBP in the presenceprobe (lane 3) was obtained at the lower concentrations
of s3 (lane 4). Complex migration was shifted up further of dsRNA. This suggested that the inhibitory function of
dsRNA-binding proteins on PKR activation might be medi-as the s3 concentration was increased (lanes 5 – 7),
suggesting that the complexes contained more than one ated by heterodimerization (Cosentino et al., 1995). To de-
termine if s3 prevents dsRNA-dependent PKR activation bycopy of s3 per duplex (Ho and Shuman, 1996), although
chemical and UV cross-linking assays failed to detect a similar mechanism, purified PKR p20 was incubated with
increasing levels of s3 in the presence of 32P-labeled 45-s3 oligomers (L. Seliger, unpublished results). The esti-
mated dissociation constant of s3 was 2 1 1007 M. bp RNA duplexes, and complexes were analyzed by PAGE
under nondenaturing conditions (Fig. 3B). No dsRNA–pro-Consistent with dsRNA-specific but sequence-indepen-
dent binding, a 101 or 501 molar excess of unlabeled tein complexes were detected containing both p20 and s3
and migrating in intermediate positions between the p20–poly(I)rpoly(C) abolished binding (Fig. 1C, lanes 8 and
9), while pGEM1 dsDNA corresponding to the polymer- RNA and the s3–RNA complexes (Fig. 3B, lanes 2 and 3,
respectively). However, s3 competed with p20 for dsRNAase template region had no detectable effect (lanes 10
and 11). (Fig. 3B, lanes 4–7). The p20-binding affinity, Kd 4 1 1009
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FIG. 1. DsRNA binding of recombinant s3. (A) Type 3 s3 was expressed in Sf9 insect cells by infection with a baculovirus construct containing
the full-length S4 gene. Cell extracts prepared 4–6 days postinfection at a m.o.i. of 1 were incubated with poly(I)rpoly(C) agarose beads and
samples were analyzed by 7.5% SDS–PAGE and Coomassie blue staining. Lane 1, purified reovirus; lane 2, total infected cell extract; lane 3, extract
after incubation with poly(I)rpoly(C) beads; lane 4, proteins bound to poly(I)rpoly(C) beads; lane 5, poly(I)rpoly(C) bound proteins eluted in 1 M
NaCl; lane 6, proteins retained on poly(I)rpoly(C) beads after 1 M NaCl elution. (B) Length dependence of binding was tested with purified s3 and
32P-labeled dsRNA (20,000 cpm) of lengths 45 bp (lanes 1–3), 32 bp (lanes 4–6), and 24 bp (lanes 7–9), all prepared by annealing pGEM1 T7 and
SP6 run-off transcripts. dsRNAs were incubated alone (lanes 1, 4, and 7) or with s3 (0.2 mM, lanes 2, 5, and 8; 0.4 mM, lanes 3, 6, and 9) and
analyzed by 6% PAGE under nondenaturing conditions, followed by autoradiography. (C) Specificity of dsRNA binding was tested with s3 that was
purified by binding to poly(I)rpoly(C) agarose beads and elution in 1 M NaCl. Single-stranded, 32P-labeled RNA (20,000 cpm) was synthesized on
pGEM1 using T7 RNA polymerase as described under Materials and Methods and incubated without (lane 1) or with (lane 2) s3 (0.2 mM). Double-
stranded 45-bp 32P-labeled RNA (20,000 cpm) made by annealing equal amounts of SP6 and T7 transcripts of pGEM1 was incubated with purified
s3 at levels of 0, 0.05, 0.1, 0.2, and 0.4 mM (lanes 3–7, respectively). Molar ratios of 101 and 501 poly(I)rpoly(C) (lanes 8 and 9) or dsDNA derived
from pGEM1 as described under Materials and Methods (lanes 10 and 11) were tested for competition in incubation mixtures as in lane 6.
M (Schmedt et al., 1995), was considerably higher than that by SDS–PAGE contained two major bands that were
recognized by anti-m1 antibody (marked by asterisks inestimated for s3 (Kd 2 1 1007 M), and s3 replacement
Figs. 4A and 4B). The upper band comigrated with theof p20 in RNA–protein complexes became apparent only
full-length 76-kDa m1 protein from purified reovirus; theat a s3/p20 molar ratio of 20 (Fig. 3B, lane 7).
lower, antibody-positive band most likely is a C-terminal
truncated m1 protein since it contained the N-terminalElimination of s3 dsRNA binding by m1
His6 tag as determined by Ni
/ chelate chromatography.
The presence of m1/m1C inhibited stimulation of re- Gel mobility shift assays, performed with s3 and 45-bp
porter mRNA translation by s3, suggesting that m1/m1C duplexes in the presence of increasing levels of the affin-
association with s3 interferes with dsRNA binding (Tillot- ity-purified m1 proteins, demonstrated concentration-de-
son and Shatkin, 1992). To demonstrate this directly, puri- pendent inhibition by m1 that was almost complete at
fied recombinant His6-tagged m1 was tested for its effect equal protein levels (0.4 mM), consistent with loss of
on dsRNA binding by s3. The His6-tagged protein prepa- dsRNA binding at a ratio close to 1:1 (Fig. 4C, lanes 3–
6). The presence of unrelated bovine plasma gammaration isolated by affinity chromatography and analyzed
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FIG. 2. Stimulation of reporter gene expression by s3 depends on dsRNA-binding activity. (A) COS-1 cells were transiently cotransfected with
1.5 mg luciferase reporter plasmid and 5 mg of pcDNA3 or the corresponding expression vector for wild-type s3 (WT) or the indicated mutants.
Relative luciferase activity determined in cell extracts prepared 48 hr later is expressed as the mean of three independent experiments. (B) COS-
1 cells were transfected with 5 mg plasmid DNA for expression of wild-type or mutant s3 as in A. Cells were radiolabeled with [35S]methionine 48
hr later, and extracts were prepared and assayed for s3 by poly(I)rpoly(C) agarose pull-down (top) and by immunoprecipitation with anti-s3 antibody
(bottom). Samples were analyzed by 10% SDS–PAGE and autoradiography.
globulin had no effect on dsRNA binding by s3 (Fig. 4C, virions in 1:1 complexes with m1/m1C. A functional transi-
tion from early inhibition of PKR via dsRNA binding tolanes 7 and 8), and m1 at equal levels (0.4 mM) did not
diminish dsRNA binding by vaccinia virus purified E3L late association with m1/m1C would be expected to result
in a loss of dsRNA binding (Shepard et al., 1995). Toprotein (provided by Dr. S. Shuman; data not shown).
In agreement with this block in s3 dsRNA binding by m1 test this prediction, 35S-labeled s3 synthesized 8 hr after
reovirus infection was assayed for dsRNA binding asproteins, stimulation of reporter expression by wild-type s3
and by mutants (K234T and K240T) which retain dsRNA infection proceeded. As shown previously for S4-trans-
fected HeLa cells (Yue and Shatkin, 1996), s3 was rela-binding was eliminated by m1 coexpression (Fig. 5). The
results also suggest that lysines at positions 234 and 240 tively stable in virus-infected cells (Fig. 6B). However, s3
dsRNA-binding, analyzed by poly(I)rpoly(C) pull-down,in s3 are not required for interaction with m1/m1C.
decreased markedly within the subsequent 1–2 hr (Fig.
Decrease in s3 dsRNA binding during reovirus 6A). Reovirus core polypeptide s2 also binds dsRNA
infection (Dermody et al., 1991), and s2 radiolabeled during the
s3 regulates translation through its dsRNA-binding ac- 30-min pulse was also present in the poly(I)rpoly(C) pull-
down; however, unlike s3, its presence was little dimin-tivity and is also assembled into the outer coat of mature
FIG. 3. Inhibition of reporter expression by PKR is prevented by s3 and correlates with dsRNA binding. (A) COS-1 cells were transiently cotransfected
with 1.5 mg luciferase reporter plasmid and, as indicated, with 4 mg of vector DNA for expression of PKR and either wild-type or mutant s3. Relative
luciferase activity was measured in cell extracts prepared 48 hr after transfection, and values represent the mean for three independent experiments.
(B) 32P-labeled dsRNA (45 bp, 20,000 cpm) was incubated alone (lane 1), with the truncated PKR p20 containing the dsRNA-binding domain (20 nM,
lane 2), or with s3 (400 nM, lane 3). Other incubation mixtures contained the dsRNA, p20, and increasing levels of s3 (50, 100, 200, or 400 nM in
lanes 4–7, respectively). Samples were analyzed by 6% PAGE under nondenaturing conditions and autoradiography.
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FIG. 5. Cotransfection with the M2 gene eliminates stimulation of
reporter expression by s3. COS-1 cells were transiently cotransfected
with 1.5 mg luciferase reporter plasmid and, as indicated, 4 mg each
of pBC12BI containing the M2 gene and vectors containing wild-type
(WT) or mutant S4. Extracts were prepared 48 hr later and assayed for
luciferase activity. Values are relative to 100 arbitrarily set for extracts
of cells transfected with 1.5 mg reporter plasmid and 4 mg each of
empty parental vectors used for constructing the S4 (pcDNA3) and
M2 (pBC12BI) expression plasmids. Numbers are the mean of three
independent experiments.
before forming s3:m1/m1C structural complexes. Consis-
tent with this course of events, pulse-labeled s3 was
stable in infected cells but had reduced dsRNA binding
as infection progressed (Fig. 6). Thus, translational mod-
FIG. 4. Polypeptide m1 blocks dsRNA binding by s3. His6-tagged m1 ulation by s3 at early times in infection may promote
recombinant proteins, expressed from pTrcHis (A) containing the full- successful synthesis of viral proteins and gradual re-
length M2 gene in transformed E. coli strain DH5a, were purified by placement of cellular protein production as the overall
Ni/ chelate column chromatography as described by the manufacturer
translational capacity decreases. Alternatively, s3 mayand analyzed by 10% SDS–PAGE. (A) Coomassie blue staining. Lane
function as a ribosome-bound factor that selectively pro-1, purified reovirus; lane 2, column bound and eluted proteins. (B)
Western analysis of samples in A with anti-m1 monoclonal antibody motes viral mRNA translation (Lemieux et al., 1987).
10H2. (C) 32P-labeled dsRNA (45 bp, 20,000 cpm) was incubated in the Gel shift analysis of dsRNA binding indicated that the
absence (lane 1) or in the presence of 0.4 mM s3 and increasing levels binding affinity of s3 was lower than that of PKR
of His6-tagged m1 proteins (0.0, 0.04, 0.1, 0.2, and 0.4 mM in lanes 2– (Schmedt et al., 1995). This may reflect the limited primary6, respectively). Samples in lanes 7 and 8 contained 0.2 and 0.4 mM
sequence homology of the dsRBDs of s3 and severalbovine plasma gamma globulin (gG) in addition to dsRNA and 0.4
mM s3. Mixtures were resolved by 6% PAGE under nondenaturing other dsRNA-binding proteins, although their secondary
conditions followed by autoradiography and analysis with a Phos-
phorImager. The relative levels of s3/dsRNA complexes in lanes 2–6
were 1.0, 0.84, 0.52, 0.28, and 0.03, respectively.
ished during the chase period (20% decrease after 2 hr,
data not shown).
DISCUSSION
This report provides further evidence that reovirus
structural proteins can counteract the cellular antiviral FIG. 6. DsRNA-binding activity of s3 decreases during reovirus infec-
tion. Infected HeLa cells were incubated with [35S]methionine as de-defense system involving PKR-mediated translational
scribed under Materials and Methods, and cell extracts prepared atcontrol. Enhancement of translation by s3 was prevented
the indicated chase times were analyzed (A) for dsRNA binding activityby coexpression of m1/m1C which forms protein com-
by poly(I)rpoly(C) pull-down and (B) for s3 expression by immunopre-
plexes that block dsRNA binding by s3. This enhance- cipitation with anti-reovirus antiserum. Radiolabeled proteins were ana-
ment by interference with PKR-mediated translation shut- lyzed by SDS–PAGE and autoradiography. Mock corresponds to extract
prepared from uninfected cells.down would require that s3 sequester dsRNA activators
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